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ABSTRACT 


Multilevel inverters act as a promising solution for medium voltage, 
high power applications due to their modularity and reduced voltage 
stress across the switches. Cascaded H Bridge Multilevel Inverters 
(CHB-ML]I) are being considered as the best choice for grid 
connected Photovoltaic (PV) systems since they require several 
sources on the DC side. By means of MLI’s, high quality output with 
less harmonic distortion is obtained compared to a two-level inverter. 
In this work, a comparative analysis of CH-MLI’s is presented. 
Control scheme based on Sinusoidal Pulse Width Modulation 
(SPWM) is adopted due to its ease of implementation. More number 
of levels results in reduced THD and nearly sinusoidal output. 


Simulation is performed using MATLAB/Simulink. 
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1. INTRODCUTION 

In the pursuit of sustainable energy solutions, 
photovoltaic (PV) systems have emerged asa 
prominent source of renewable power [1]. However, 
integrating these systems with the conventional power 
grid requires effective conversion from DC to AC, 
posing technical challenges, particularly concerning 
harmonic performance. Addressing this issue, 
Cascaded H-bridge multilevel inverters have gained 
attention as a transformative technology [2]. These 
innovative inverters offer a modular architecture with 
multiple H-bridge modules interconnected in a 
cascaded fashion. This setup allows them to 
efficiently convert DC power generated by PV arrays 
into grid-compatible AC power while significantly 
improving harmonic performance [3]. By generating 
high-quality, low-distortion sinusoidal waveforms, 
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they minimize electrical noise and distortion, 
ensuring the seamless integration of PV-generated 
electricity into the grid. This paper delves into the 
design, operation, and performance evaluation of 
Photovoltaic Connected Cascaded  H-bridge 
multilevel inverters, emphasizing their remarkable 
ability to enhance harmonic performance [4]. We 
explore the potential of these inverters to 
revolutionize renewable energy integration, reduce 
grid disturbances, and contribute to a greener and 
more sustainable energy landscape. Through detailed 
analysis and experimental validation, we aim to 
highlight their practicality and advantages in real- 
world PV applications, ultimately paving the way for 
cleaner and more efficient energy generation and 
utilization [5]. 
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1.1. Components of Solar PV Grid Connected 
Inverter System: Main components of a 
solar PV based grid interactive inverter 
system are shown in figure 1. 


PV ARRAY 


Figure 1: Components of a grid interactive 
inverter system 


1.2. Types of Multilevel Inverters 

Multilevel inverters are specialized power electronic 
devices used for high-voltage, high-power 
applications. They provide multiple voltage levels in 
the output waveform, reducing harmonic distortion 
and improving the quality of the generated AC power 
[6]. Here are some common types of multilevel 
inverters: 


> Diode-Clamped Multilevel Inverter (Neutral- 
Point Clamped Inverter): This type of multilevel 
inverter uses diodes and capacitors to create 
multiple voltage levels [7]. It has a fixed DC bus 
voltage and can generate several different output 
voltage levels, making it suitable for medium- 
voltage applications. 


> Flying Capacitor Multilevel Inverter (Capacitor- 
Clamped Inverter): Flying capacitor inverters use 
multiple capacitors to achieve voltage steps [8]. 
The capacitors are switched to various voltage 
levels to create the desired output waveform. 
They are commonly used in medium-voltage 
drives and renewable energy systems. 


> Cascaded H-Bridge Multilevel Inverter: Cascaded 
H-bridge inverters consist of multiple H-bridge 
modules connected in series [9]. Each H-bridge 
module can independently control its DC source, 
allowing for precise voltage level generation. 
These inverters are highly modular and scalable, 
making them suitable for a wide range of 
applications, including high-voltage transmission 
and renewable energy systems. 


> Hybrid Multilevel Inverter: Hybrid multilevel 
inverters combine different multilevel techniques, 
such as diode-clamped and cascaded H-bridge 
configurations, to optimize performance and 
reduce component count. They aim to strike a 
balance between efficiency and complexity [10]. 


> H-bridge Multilevel Inverter: This is a simpler 
form of multilevel inverter that uses H-bridge 


modules to create multiple voltage levels. While 
not as complex as some other multilevel inverters, 
it is still effective in reducing harmonic distortion 
and improving power quality. It is often used in 
low to medium-voltage applications [11]. 


> T-type Multilevel Inverter: T-type inverters 
utilize a combination of switches and capacitors 
to achieve multilevel output voltage levels. They 
are known for their ability to reduce common- 
mode voltage and electromagnetic interference in 
motor drives and other high-power applications 
[12]. 
Neutral Point Clamped (NPC) Multilevel 
Inverter: NPC inverters are a variation of the 
diode-clamped inverter that provides better 
voltage balance among the phases. They are 
commonly used in medium-voltage motor drives 
and industrial applications. 


The choice of multilevel inverter type depends on the 
specific application, voltage requirements, and 
desired performance characteristics. Each type offers 
advantages and trade-offs, making it important to 
select the most suitable one for a particular 
application. 


2. METHODOLOGY 

2.1. Solar (PV) Systems 

The solar PV system consists of a PV module, the 
dc/dc boost converter, the maximum power point 
tracking algorithm and the load. Radiation (R) is 
incident on the PV module. It generates a voltage (V) 
and current (I) which will be fed into the load [13]. 
The voltage power characteristic of a photovoltaic 
(PV) array is nonlinear and time varying because of 
the changes caused by the atmospheric conditions. 
When the solar radiation and temperature varies the 
output power of the PV module also changes. In order 
to obtain the maximum efficiency of the PV module, 
it must operate at the maximum point of the PV 
characteristic. The most extreme power point relies 
upon the temperature and irradiance which are non- 
direct in nature. The greatest power point following 
control framework is utilized and work viability on 
the non-straight varieties in the parameters, such as 
temperature and radiations [14]. A MPPT is used for 
extracting the maximum power from the solar PV 
module and transferring that power to the load. A 
dc/dc converter (boost converter) serves the purpose 
of transferring maximum power from the solar PV 
module to the load. A dc/dc converter acts as an 
interface between the load and the module. The dc/dc 
converter with maximum power point tracking 
algorithm and the load is shown in Figure 2. By 
changing the duty cycle, the load impedance as seen 
by the source is varied and matched at the point of the 
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peak power with the source so as to transfer the 
maximum power. Therefore, MPPT techniques are 
needed to maintain the PV array’s operating at its 


MPP [15]. 
Load | 


Figure 2: Block Diagram of PV System with 
MPPT 


2.2. Maximum Power Point Tracking 

Most extreme Power Point Tracking (MPPT) is 
helpful apparatus in PV application. Sun oriented 
radiation and temperature are the primary factor for 
which the electric power provided by a photovoltaic 
framework. The voltage at which PV module can 
create greatest power is called 'most extreme power 
point (pinnacle control voltage). The primary rule of 
MPPT is in charge of separating the greatest 
conceivable power from the photovoltaic and feed it 
to the heap by means of dc-to-dc converter which 
steps up/ down the voltage to required size [16]. The 
operating point of a PV generator is located at the 
intersection of its current-voltage curve with the load- 
line. This operating point may be far from the 
maximum power point (MPP) of the generator 
wasting a significant part of the available solar power. 
To achieve optimum matching between the PV 
generator and the load, an MPP tracker, normally 
comprised of a simple dc-dc converter, is used. The 
duty ratio of the converter is controlled by an MPPT 
algorithm to maximize the power delivered to the 
load. A number of different MPPT algorithms have 
been proposed [17], including the P&O algorithm. 
This simple algorithm does not require previous 
knowledge of the PV generator characteristics or the 
measurement of solar intensity and cell temperature 
and is easy to implement. The algorithm perturbs the 
operating point by increasing or decreasing a control 
parameter by a small amount and measures the PV 
array output power before and after the perturbation. 
If the power increases, the algorithm continues to 
perturb the system in the same direction; otherwise 
the system is perturbed in the opposite direction 
(Figure 3). 


There are two common approaches for implementing 
the P&O algorithm; reference voltage perturbation 
and direct duty ratio perturbation. For reference 
voltage perturbation, the PV array output voltage 
reference is used as the control parameter in 
conjunction with a controller (usually a PI controller) 
to adjust the duty ratio of the MPPT power converter 
[18]. The PI controller gains are tuned while 


PV module 


operating the system at a constant voltage equal to the 
standard test condition (STC) value of the MPP 
voltage. These gains are kept constant while the 
reference voltage is controlled by the MPPT 
algorithm. For direct duty ratio perturbation, the duty 
ratio of the MPPT converter is used directly as the 
control parameter. 
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Figure 3: Flowchart of P&O MPPT algorithm 


2.3. Cascaded H-Bridge Multilevel Inverter (CH- 
MLD 
The choice of inverter topology is a critical decision 
in the design of grid-connected PV _ systems, 
impacting their efficiency, power quality, and grid 
compatibility. The Cascaded H-Bridge Multilevel 
Inverter (CH-MLID) has gained prominence as an ideal 
choice due to its inherent characteristics. CH-MLI 
offers the advantage of producing high-quality, low- 
harmonic output waveforms, which are essential for 
grid-connected applications. Its cascading structure, 
comprising multiple H-bridge modules, enables 
precise control and modulation of the output voltage 
[19]. The modularity of CH-MLI allows for 
scalability, making it suitable for various voltage and 
power rating requirements in grid-connected systems. 
CH-MLI can generate multiple voltage levels, 
reducing the Total Harmonic Distortion (THD) in the 
output, and this is crucial for maintaining power 
quality. Its ability to provide step-like voltage levels 
minimizes switching losses, contributing to higher 
overall efficiency. CH-MLI_ exhibits lower 
electromagnetic interference, reducing the risk of 
disrupting other sensitive electronic equipment 
connected to the grid. The topology's suitability for 
grid applications lies in its capability to seamlessly 
synchronize with the grid's frequency and voltage 
levels [20]. CH-MLI facilitates effective control 
strategies for mitigating issues such as grid voltage 


@ IJTSRD | Unique Paper ID — IJTSRD59848 | Volume—7 | Issue—4 | Jul-Aug 2023 


Page 1001 


International Journal of Trend in Scientific Research and Development @ www..ijtsrd.com eISSN: 2456-6470 


fluctuations and disturbances. It can _ easily 
accommodate changes in the grid's operational 
requirements and variations in the PV system's 
output. The modularity simplifies maintenance and 
repair, as a malfunctioning H-bridge module can be 
replaced without affecting the entire system. CH- 
MLI's robust design reduces the likelihood of system 
failures and downtime, ensuring a reliable grid- 
connected PV system. Its high-voltage handling 
capability makes it suitable for medium to high- 
power grid applications, including commercial and 
industrial settings [21]. The advanced control 
algorithms that can be implemented with CH-MLI 
contribute to efficient power conversion and grid 
integration. It excels in applications requiring a high 
level of power quality, making it a preferred choice 
for sensitive loads. CH-MLI's flexibility and 
adaptability allow for the integration of various 
renewable energy sources, not limited to PV systems 
alone [22]. The  topology's performance 
characteristics align with industry standards and grid 
codes, ensuring compliance with regulatory 
requirements. Overall, the selection of CH-MLI 
underscores its proven track record in grid-connected 
applications, where high efficiency, power quality, 
and reliability are paramount. Its adoption promises 
enhanced grid stability and a smoother transition 
toward a more sustainable and renewable energy- 
driven future [23]. 


2.4. Phase Shifted (PS-PWM) 

Phase-shifted PWM (PSPWM) is a natural extension 
of traditional PWM techniques, specially conceived 
for FC and CHB converters. Since each FC cell is a 
two- level converter, and each CHB cell is a three- 
level inverter, the traditional bipolar and unipolar 
PWM techniques can be used, respectively. Due to 
the modularity of these topologies, each cell can be 
modulated independently using the same reference 
signal [24]. A phase shift is introduced between the 
carrier signals of contiguous cells, producing a phase- 
shifted switching pattern between them. In this way, 
when connected together, a stepped multilevel 
waveform is originated. It has been demonstrated that 
the lowest distortion can be achieved when the phase 
shifts between carriers are 180 or 360°/k for a CHB 
Inverter. (where k is the number of power cells). This 
difference is related to the fact that the FC and CHB 
cells generate two and three levels, respectively [25]. 


Since all the cells are controlled with the same 
reference and same carrier frequency, the switch 
device usage and the average power handled by each 
cell is evenly distributed. For the case of the CHB, 
this means that multipulse diode rectifiers can be used 
to reduce input current harmonics. It is noticed in the 
FC, the advantage of the even power distribution is 


that once the flying capacitors are properly charged 
(initialized to their corresponding values), no un-- 
balance will be produced due to the self-balancing 
property of this topology [26], hence there is no need 
to control the dc-link voltages. Another interesting 
feature is the fact that the total output voltage has a 
switching pattern with k times the frequency of the 
switching pattern of each cell. This multiplicative 
effect is produced by the phase-shifts of the carriers. 


Figure 4: Phase shifted and Level shifted PWM 
carrier arrangements (a) Phase shifted PWM 
(b) PD, (c) POD, (d) APOD 


Hence, better total harmonic distortion (THD) is 
obtained at the output, using k times lower frequency 
carriers. 


2.5. Level Shifted PWM (LS-PWM) 

Level-shifted PWM (LSPWM) is the natural 
extension of bipolar PWM for multilevel inverters. 
Bipolar PWM uses one carrier signal that is compared 
to the reference to decide between two different 
voltage levels, typically the positive and negative 
busbars of a VSI [27]. By generalizing this idea, for a 
multilevel inverter, m—1 carriers are needed. They are 
arranged in vertical shifts instead of the phase-shift 
used in PS-PWM. Each carrier is set between two 
voltage levels; [28] hence the name B level shifted. 
Since each carrier is associated to two levels, the 
same principle of bipolar PWM can be applied, taking 
into account that the control signal has to be directed 
to the appropriate semiconductors in order to generate 
the corresponding levels. The carriers span the whole 
amplitude range that can be generated by the 
converter. They can be arranged in vertical shifts, 
with all the signals in phase with each other, called 
phase disposition (PD-PWM); with all the positive 
carriers in phase with each other and in opposite 
phase of the negative carriers, known as phase 
opposition disposition (POD-PWM)); and alternate 
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phase opposition disposition (APOD-PWM), which is 
obtained by alternating the phase between adjacent 
carriers [29]. An example of these arrangements for a 
five- level inverter (thus four carriers) is given in 
Figure 4, respectively. 


In brief, rather than level shifted PWM, phase shifted 
PWM technique has finite merits like, no rotation in 
switching, less switching losses and easy to 
implement. Indeed, in present article all productive 
topologies are implemented with sinusoidal PWM 
approach [30]. Next sections provide the details of 
conventional CMI topology and_ performance 
verifications and challenging aspects to resolve. 


3. SIMULATION RESULTS & ANALYSIS 
3.1. Results 

To evaluate the performance of the proposed 
Simulink Model — Dual Diode PV Model with 
Cascaded H-Bridge Multilevel PV Inverter_ Phase- 
shifted SPWM (PS-SPWM) switching scheme is then 
applied to control the switching devices of each H- 
bridge. and the control system, MATLAB/Simulink 
software has been utilized. Table 1 shows the 
characteristics of the simulated system. 
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Figure 5: MPPT Algorithms & Cascaded H- 
bridge Multi Level Inverter 


TABLE 1: PV PARAMETERS 
PV Paramlers 
Prriax (W) n 
— 1.3417 
Isc (A) 
Rs (ohm) 
8.71 
0.2172 
Voc (V) 
32.9 : Rsh (ohm) 
ki (%%/) 951.9317 951.93 ||} 
3.18e-3/8.21 0.00038732 ¢ Ns 
ky (%/9) 3 
-0,123/32.9 0,0027386 
a et . 
Nes Pp 
54 : 3 


Figure 6 shows Experimental power extracted from 
PV panels with MPPT_ The harvested solar power 
waveform of each phase with MPPT Booster 
Algorithms 
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Figure 6: PV Voltage, PV Current & PV Power 
Vs Time in (S) 


Figures. 7, 8, and 9 show the experimental output of 
voltage and current measurement for a dual diode, a 
dual generator, and a cascaded H-Bridge Multilevel 
inverter. 
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Figure 7: Voltage & Current Vs Time in (S) 
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Figure 8: Voltage & Current Vs Time in (S) 
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Figure 9: Voltage & Current Vs Time in (S) 


Figures. 10 & 11 Shows Experimental inverter output 
voltages with modulation compensation _Cascaded H 
Bridge Multilevel Inverter Output Voltage Wave 
form. 
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Figure 10: PV Voltage, PV Current & PV Power 
Vs Time in (S) 
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Figure 11: PV Voltage, PV Current & PV Power 
Vs Time in (S) 


4. CONCLUSION 

Dual Diode Photovoltaic Model Cascaded H-Bridge 
Multilevel PV Inverter with MPPT Booster 
Algorithms for Grid-Connected Applications 
presented in this work show that cascading H-bridge 
multilevel inverters are the most suitable inverter 
topologies for grid-connected applications. CH-MLI 
are performed, and a phase-shifted SPWM (PS- 
SPWM) switching scheme is then applied to control 
the switching devices of each H-bridge. The control 
scheme allows for high PV module utilisation and 
improves the overall efficiency of the PV system. The 
distorted grid current caused by PV mismatches is 
solved by modulation compensation without 
increasing the difficulty of the control system or 
causing extra power loss. Even though the capacity 
for balancing grid current is limited, the 
compensation scheme helps reduce the percentage of 
unbalanced grid current. And it also helps to avoid 
overmodulation. Hence, the findings indicate that the 
CHMLI produces the lowest THD contents and 
utilises fewer components. Moreover, the PS-SPWM 
produces less THD than SPWM. 
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